The Higgs boson decay to four leptons, H → ZZ * → 4 , where = e or µ, provides good sensitivity for the measurement of its properties due to its high signal-to-background ratio (S/B), which is better than two for each of the four final states: 4µ, 2e2µ, 2µ2e and 4e, where the first lepton pair is defined to be the one with the dilepton invariant mass closest to the Z boson mass. These proceedings summarise several preliminary results on the properties of the Higgs boson decaying to four leptons final state using 14.8 fb −1 of integrated luminosity collected in pp collisions by the ATLAS detector at the LHC at a centre-of-mass energy of 13 TeV [1]. The results include measurements of the fiducial cross sections, the different production mode cross sections and a test of beyond the Standard Model interactions using an effective Lagrangian approach.
Introduction
The observation of a new particle compatible with the Standard Model (SM) Higgs boson by the ATLAS and CMS experiments [2, 3] based on the data from LHC Run1 taken during 2011 and 2012, has been an important step towards the clarification of the mechanism of the electroweak (EW) symmetry breaking.
These proceedings summarise several preliminary results on the properties of the Higgs boson decaying to the four lepton final state using 14.8 fb −1 of integrated luminosity collected in pp collisions by the ATLAS detector at the LHC at a centre-of-mass energy of 13 TeV [1] . The results include measurements of the fiducial cross sections, the different production-mode cross sections and a test of beyond the Standard Model interactions using an effective Lagrangian approach. Table 1 : The numbers of events expected and observed for a m H =125 GeV hypothesis for each of the four-lepton final states. The second column gives the expected signal without any cut on m 4 . The other columns give for the 118-129 GeV mass range, the numbers of expected signal events and of expected ZZ * and other background events, the signal-to-background ratios (S/B), and the numbers of observed events, for 14. 8 The ATLAS detector is described in detail elsewhere [4] . The reconstruction and identification of electrons, muons and jets, as well as the event selection follow closely the strategy described in Ref. [5] . Higgs boson candidates are formed by selecting two same-flavour, opposite-sign lepton pairs (a lepton quadruplet) in an event. Quadruplet selection is done separately in each sub-channel: 4µ, 2e2µ, 2µ2e, 4e. The kinematic selection applied to the leptons is the same as the one detailed in previous publications with a few small changes described in the following. In order to cope with the increase of the reducible background coming form heavy flavour decay, due to the lowering of the minimum muon p T requirement (lowered from 6 to 5 GeV), the four leptons are required to be compatible with the same vertex. A loose χ 2 selection is applied, corresponding to a signal efficiency of 99.5% for all decay channels. For each channel, the same-flavour opposite-charge lepton pair with the mass closest (second closest) to the Z boson mass is referred to as the leading (subleading) dilepton and its invariant mass is referred to as m 12 (m 34 ). Each lepton four-momentum vector is corrected for QED final state radiation, and the lepton four-momenta of the leading dilepton are recomputed by means of a Z-mass-constrained kinematic fit. The Z-mass constraint improves the m 4 resolution by about 15%. Events satisfying the above criteria are considered candidate signal events. Two m 4 ranges are define and used as signal region in the following.
Event selection and signal region yields
The production of the SM Higgs boson is modelled using the POWHEG-BOX Monte Carlo (MC) event generator interfaced to PYTHIA 8 for parton shower, hadronization , which calculates separately the ggF and VBF production mechanisms with matrix elements up to next-to-leading order (NLO) in QCD. PYTHIA 8 is used to simulate at LO in QCD, the production of a Higgs boson in association with a W or a Z boson, and the production of a Higgs boson in association with a top quark pair is simulated at NLO in QCD, using MADGRAPH5_AMC@NLO interfaced to HERWIG++ for showering and hadronization.
The main background contribution to the four lepton final state is from the non-resonant ZZ * production which is modelled using simulation normalised to the SM predictions. The ZZ * continuum background from quark-antiquark annihilation is modelled at NLO in QCD using POWHEG-BOX interfaced to PYTHIA 8. For the quark-initiated ZZ * NNLO QCD and NLO EW corrections are applied as function of m ZZ * [6] . The gluon induced ZZ * production is simulated using GG2VV. The k-factor accounting for higher order QCD effects for the gg → ZZ * continuum production has been calculated including the gg → H * → ZZ processes [7] . Additional background sources are the Z+jets and tt processes, which are estimated in the signal region using different data-driven techniques according to the flavour of the sub-leading lepton pairs (µ µ or ee), following the methods described in [5] . The background from W Z production is estimated from data for the + ee final states, while it is taken from simulation for the + µ µ final states. The contributions from ttV and triboson processes are minor and taken from POWHEG-BOX interfaced to PYTHIA 6 simulation.
The numbers of observed candidate events for each of the four decay channels in the mass window 118-129 GeV and the signal and background expectations are presented in Table 1 . The mass spectrum for m 4 is shown for the selected events in Fig. 1(a) together with the expected ZZ * and reducible backgrounds, and an expected SM Higgs signal at 125 GeV . Figure 1(b) shows the distribution of m 12 versus m 34 for the candidates with m 4 within 115-130 GeV .
Fiducial cross sections measurement
The selected events in the mass region 115 < m 4 < 130 GeV are analyzed to extract the fiducial and total cross sections. In order to minimize the model dependence of the cross section measurement, the fiducial phase space defined in details in Ref.
[1], follows closely the experimental requirements applied to the four leptons. The m 4 distribution is used as a discriminant to increase the sensitivity to the signal through the definition of probability density functions (PDF) for the signal and the background in each four-lepton channel and for each production mode:
where N Data (m 4 ) is the number of observed data candidates as a function of m 4 , L int the integrated luminosity, σ tot is the total production cross section of the Higgs boson, B(H → 4 ) is the branching ratio of the Higgs boson decay into the four lepton final state, A is the acceptance factor in the fiducial region, C is a detector correction factor, which account for effects such as trigger, reconstruction and identification efficiencies and for the resolution, and N bkg is the number of estimated background events. The fiducial cross sections are extracted with a likelihood fit to the observed m 4 distribution in the signal mass window for each channel. The total fiducial cross section is obtained as the sum of the four final states, σ 4 fid,sum = 4.48
−0.89 fb. This value have to be compared with the expected SM value σ 4 fid,SM = 3.07
−0.25 fb. The total cross section is obtained by extrapolating the σ 4 fid to the full phase-space using the fiducial acceptance factors A assuming that the production mode cross-section ratios are the same as predicted by the SM and the SM branching ratio B(H → 4 ) :
to be compared with the expected SM value σ tot,SM = 55.5 +3.8 −4.4 pb. The compatibility between the total measured cross section and the SM prediction is at the level of 1.6 standard deviations. In all the cross section measurements presented here the dominant uncertainty is statistical.
Cross sections per production mode from event categorisation
In order to improve the sensitivity to the different production modes, the events selected in the mass region 118 < m 4 < 129 GeV are classified into exclusive categories. The narrower mass range gives better performance when the mass is not used as a discriminant in the fit. Categories based on the presence of additional leptons (p T,l > 8 GeV) and the number of jets (p T, jet > 30 GeV) are used with several multivariate discriminants (BDT) optimized to disentangle the different production modes. The number of expected and observed events in each of the categories, are summarized in Table 2 .
The cross section for the different production modes are extracted through a likelihood fit to the BDT distribution in the different categories evaluated assuming m H =125.09 GeV . The measured Table 2 : The expected and observed yields in the 0-jet, 1-jet, 2-jet with m j j > 120 GeV (V BF-enriched), 2-jet with m j j < 120 GeV (V H-enriched) and VH-leptonic categories. The yields are given for the different production modes (assuming m H = 125 GeV), for the ZZ * and the reducible backgrounds for 14. 8 values for the cross section in the different production categories with their SM expectations (on the right) are respectively:
1) The compatibility between the measured σ ggF+bbH+ttH · B(H → ZZ * ) and the SM prediction is at the level of 1.1 standard deviations, while for the σ VBF · B(H → ZZ * ) the compatibility with the SM prediction is at the level of 1.4 standard deviations. Figure 2(a) shows the negative loglikelihood contours in the σ ggF+bbH+ttH · B(H → ZZ * ) -σ VBF+VH · B(H → ZZ * ) plane assuming that the production mode cross-section ratios are the same as predicted by the SM.
The experimental categorisation also provides sensitivity to possible BSM interactions. In particular, BSM interactions between the Higgs boson and the SM vector bosons W and Z would have a large impact on the yields in the VH and VBF production modes since they would modify simultaneously the production and the decay interactions. In order to study these interactions, effective Lagrangian terms related to the BSM scalar (κ HVV ) and pseudo-scalar (κ AVV ) interactions between the Higgs boson and the Z and W vector bosons are considered following the Higgs characterisation model described in Ref. [8] . Figures 2(b) and 2(c) show the expected and observed negative log-likelihood scans as function of the BSM coupling κ HVV and κ AVV · sin α, derived with a fit of the yields in the categories, without exploiting any additional discriminant shape information. In each scan the other BSM coupling parameter is left free in the fit. As can be seen in Fig. 2(b) , 2(c) the minima of the fits are not at κ BSM = 0 and the observed exclusion limits are weaker than the expected limits. This is due to the fact that the observed number of events is larger than those predicted by the SM in several categories, in particular in the 2-jet VBF enriched category. The agreement between κ HVV = 0 and the observed value is 2.1 standard deviations and between κ AVV · sin α = 0 and the observed value is 1.8 standard deviations. 
Conclusions
The properties of the Higgs boson resonance have been studied in the four-lepton decay channel using 14.8 fb −1 of integrated luminosity collected in pp collisions by the ATLAS detector at the LHC at a centre-of-mass energy of 13 TeV. The measured properties are in agreement with SM predictions in terms of fiducial and total inclusive cross sections as well as in terms of cross sections per production mode. The categories used to measure the production mode cross sections have also been used to derive limits on possible BSM interactions of the Higgs boson with the SM vector bosons in the framework of an effective Lagrangian extension of the SM.
